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f^f^ ^r^-ru MiTsn f ; pbot tfvratton inhtbttqrs 

This invention relates to novel polyanionic benzylglycosides of benzene 
triacid amides. More particularly, this invention relates to polyanionic 
5 benzylglycosides of benzene triacid amides and their use as smooth muscle ceU 
antiproliferation inhibitors and as therapeutic compositions for treating diseases and 
conditions which are characterized by excessive smoodi muscle proliferation, such as 
restenosis. 

IQ Biifkgmiind »f thi» Tnvention 

Smooth muscle cell (SMC) proliferation is a critical event in the pathogenesis 
of atherosclerosis and transplant arteriosclerosis as well as in die response to injuiy 
arising from all forms of vascular reconstruction such as angioplasty (Raines E. W.; 

15 Ross R. Br. Heart J. 1993, 69 (Supplement), S 30; Clowes. A. W.; Reidy. M. A. J. 
Vase. Surg 1991, 13. 885; Isik, F. F.; McDonald. T. O.; Ferguson. M.; Yamanaka, E.; 
Gordon Am. J. Pathol. 1992. 141. 1139). However, clinically effective inhibitors of 
smooth muscle cell proliferation for use as antirestcnotic agents have not been 
successful to date (Herrman. J. P. R.; Hermans. W. R. M.; Vos. J. ; Scmiys P. W. 

20 Drugs 1993, 4, 1 8 and 249). 

Reendothclialization of the injured area concurrent with smooth muscle cell 
proliferation is a major consideration for inhibiting restenosis (Casscclls. W. 
Circuiation 1992, 86. 722; Reidy. M. A.; Udner. V. in Endothelial Cell Dy^unctions. 
25 Simionescu. N. and Simioncscu M.. Ed. Plenum Press. NY NY. (1992). 31 ). Thus, 
any successful approach to inhibiting SMC proliferation should not interfere with 
endothelial cell repair or the normal function of other cell, types. (Weissberg, P. U 
Grainger. D. J.; Shanahan C. M.; Metcalfe, J. C. Cardiovascular Res. 1993. 27. 
1191). 

30 

The glycosaminoglycans heparin and heparan sulfate are endogenous 
inhibitors of SMC proliferation, yet are able to promote endoUielial ccU growth 
(Castellot. J. J. Jr.; Wright, T. C; Kamovsky. M. J. Seminars in Thrombosis and 
Hemostasis 1987. 13. 489;.Wight, T. N. Arteriosclerosis 1989. 9. 1). However, the 
35 fuU clinical benefits of heparin, heparin fragments, chemically naodified heparin, low 
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15 



molecular weight heparins, and other heparin mimicking anionic polysacchandes may 
be compromised due to other phannacological liabiUtes (excessive bleeding ansing 
from anticoagulation effects, in particular) coupled with heterogenity of the vanous 
preparations (Borman, S. Chemcial and Engineering News, 1993, June 28, 27; 
Schmid. K. M.; Preisack. M.; Voelker. W.; Sujatta M .; Karsch, K. R. Seminars tn 
Thrombosis and Hemostasis 1993. 19 (Suppl. 1). 155; Amann. R W.; 
Neuenschwander. C; Meyer. B. Sendnars in Thrombosis and Hemostasis 1993. 19 
(Suppl. 1). 160; Radhakrishnamurthy. B.; Shanna, C; Bhandani, R. R.; Bcrcnson. G. 
S- Stanzani. L.; Mastacchi. R. Atherosclerosis. 1986 60. 141; Maffrand. J. P.; 
Hervert. M. M.; Bcmat, A.; Defrcyn. G.; Dclevassee. D.; Savi, P.; Pinot, J. J.; 
Sampol. J. Seminars in Thrombosis and Hemostasis. 1991. 17 (Suppl. 2). 186) Since 
the anticoagulant effects of many of these agents are independent of SMC 
antiproliferative activity, it would be expected that polyanionic agents which are more 
homogenous in composition and of more defined molecular smacture would exh.bn a 
more desirable and balanced profile with fewer side effects associated wtth 
aforementioned anionic polysaccharides. 



Prior Art 



20 



25 



30 



35 



WO 92/18546 discloses specific sequences of hcpann. oba.nabic in pure form 
through synthesis or heparin fragment isolation, which cxh.bh SMC am.prolifera.,on 
activity. B.r.-Cyclodextrin terradecasulfatc has been dcscnbcd as a snr«oth muscle 
cell proliferation inhibitor and as an effective inhibaor of restenosis (We.srJ. B ; 
Hermann. H. C; Jouliie, M. M.; Kumor. K.; Uvine. E. M.; M^arak. E. J. Werner. 
D. B. Angiogenesis: Key Principle • Science - Technology • W^^'-- f 
Weisz, P. B.; Langcr. R. Eds. Birichauser Verlag. Basel Switzerland 1992, pg. 107. 
Hermann. H. C; Okada. S. S.; Hozakowska. E.; UVeen. R. F ; Gojder^ 
Tomaszewski J. E.; Weisz, P. B.; Bamathan E. S. Artenoscleros. 

1993 13 924- Reilly. C. F.; Fujita, T.; McFall. R. C; Stabthto. I. I.. Wai-si E.. 

o!ln,'ra Oe^eioptnent Research 1993. 29 137. U.S. ^e^^^^^ 

5,019.62 discloses anionic derivatives of 

conditions associated with undesirable cell or dssue gn^wth. WO ^^^^^^ 

residues per raibohydrae residues. EP 312087 /u ana 

^dd^ubodc «d »to»|uh« P«.P«nies of sulfa«d biS:Sldomc wd »n«ies. 
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U.S. Patents Nos. 4,431,636. 4.431,637. 4.431,638, and 4,435.387 describe 
polysulphated, thio- and oxy-aryi glycoside derivatives as modulators of the 
complement system. 

5 

The SMC antiproliferative compounds of die present invention differ from all 
of die prior an in diat tiie SMC antiproliferative compounds (a) are polyanionic 
benzylglycosides of benzene triacid amides which bear no structural resemblance to 
heparin, or sulfated cyclodcxtrins, (b) contain no more than three contiguous sugar 
10 residues (trisaccharides) and (b) are of defined strucmre. 

T>fimmf"" "^^''^ Tnvention 

This invention describes the composition and utility of polyanionic 
15 benzylglycosides of benzene triacid amides of formula I 




I 

20 wherein 

each of R», R^. R3, and R** are, indcpendendy. H. SO3M. or 
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OR' 



and each oUgosaccharide group contains 1 to 3 sugar groups; 
5 M is Uthium, sodium, potassiunn, or ammonium; 

n is 1 or 2; 

X is a halogen, lower alkyl having 1 to 6 carbon atoms, or lower alkoxy 
jQ having Uo 6 carbon atoms; 

Y is carbonyl or sulfonyl; 
or a pharmaccutically acceptable salt thereof. 

U is understood that each of the several occurrences of R' in any given 
J of FormuU I herein may be the same or different. Similarly, each of the 
Tv^l occuranccs of R^. R3 or R^ may be the same or different from the 
ZlZ of R^. R3 or R^ respectively. Similarly, each of the ~ 
M herein of Y in any given molecule and each of the occurrences herem of n m any 
JLy be the same or different from any other occurrence of Y or n. 

, rcspcctiyely. _ ^ _ . ^ - . - 

1, is also understood U>a, .he lower alkyl groups h«i» ™y '"j*"" 

Chained or brar^hed and ma, be. for exar^le. m.*,.. '^y^'J^^T^l 

hu.,, group. SUmiariy, .he lower alkoxy ^^^'^'''^^y 
JLwandn«,be.forexan,le.,i.ed«»yy.«hoxy,ptopoxy.,soprop«xyorh^ , 

groups. 

A more preferred aspect of this invention is the compounds of formula 1: 
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I 

5 wherein 

each ofR^R^.R^, and are, independently, H.SOaM^or 




OR^ 



10 and each oligosaccharide group coniains 1 or 2 sugar groups; 

M is lithium, sodium, potassium, or ammonium; 

n is 1 or 2; X is a halogen, lower alky! having 1 to 6 carbon atoms, 
15 alkoxy having 1 to 6 carbon atoms; 

Y is caibonyl; 
or a pharmaceutically acceptable salt thereof. 

20 

The most preferred compounds of this invention arc: 
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Benzcnc-l,3>tricarboxyIic acid trislP-mcthyl-S-dctra-O-sulfato-^ 
glucopyianosyloxynu:thyl)phcnyl]anude) dodecasodiutii salt or a 
phannaceutically acceptable salt thereof, 

^ Benzcne-1.3,5-tricarboxyUcacidtris((2-iT«thyl-5-(hepta.O-sulfato.^ 
ceUobiosyloxymediyDphenyllamidc} heneicosasodium salt or a 
phannaceutically acceptable salt thereof; 

10 Benzcne-13>tricarboxylicacidtris{[2-chloro-5-(hepta-0-sulfato-P-D- 

maltosyloxymcthyDphenyllamide} heneicosasodium salt or a phannaceuncally 
acceptable salt thereof; 

Ben«nc-1.3,5-tricarboxylic acid tris{[2-chloio.5-(hepta-0-sulfato-P-D- 
15 ccllobiosyloxymcthyDphenyllamide) heneicosasodium salt or a 

pharaiaceurically acceptable salt thereof; 

Ben2ene-1.3>tricarboxylic acid flris{l2-chloro.5-(hepta-0-sulfato-P-D- 

lactosyloxymediyDphenyllamide) heneicosasodium salt or a phaimaceuiically 
20 acceptable salt thereof; 

Benzene-l3,5-tricarboxylic add trisl(3^-bis-(rctra-0-sulfato-P-D- 

glucosyloxymethyDphcnyllamideJ tetracosasodium salt or a pharmaceuncally 
acceptable salt thereof; 

Benzcne-1.3.5-tricarboxylic add tris{[3^-bis-(hepta-0-sulfato-P-D. 

cellobiosyloxymcthyDphenyllamide) tetratetracontasodium salt or a 
phaimaceuticaUy acceptable salt thereof. 

compounds of the present invention are prepared acconling to the general 
sequence of reactions oudined in the Scheme below: 
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whcrcin R. n, and X are as defined above. 

5 

Thus, a glycosyl bromide 1 is coupled with a benzylic alcohol 2 in the 
presence of a catalyst such as a mercuric bromide, mercuric cyanide, silver inflate, or 
silver perchlorate in an apiotic solvent such as dichloromcthane. ether, toluene, or 
nitromethane at temperatures ranging from -4G0C to ambient temperature to yield 
10 glycosides. 

Reduction of the nitro group of 3 with a reducing agent such as stannous 
chloride is accomplished in a polar aprotic solvent such as ethyl acetate at ambient 
temperature to reflux, or by catalytic hydrogenation in the presence of a catalyst such 
15 as palladium on carbon gives an aniHno compound 4. 
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Coupling of 4 with a benzene triacid chloride or benzene trisulfonyl chloride 
is completed in the presence of an amine base such as triethyUmine or 
diisopropylethylamine in an aprotic solvent such as dichloromethane or 
tetrahydrofuran. Hydrolysis of any acetate groups present on the sugars w.th a base 

5 such as sodium metiioxide in methanol or aqueous sodium hydroxide m methanol a 
ambiem temperature to reflux, and sulfation of some or all of the free hydxoxyl 
groups on the sugars widi a reagem such as sulfur trioxide-trimethylanune complex or 
Zfur trioxide-pyridine complex in a polar aprotic ^^^^"^^ 
dimethylformamide or dimethylsulfoxide at temperatures ranging from QoC to 100«'C 

10 yields the target compounds I. 

The invention is also directed to pharmaceutical compositions comptised of an 
effective amoum of one or more of the polyanionic benzylglycosides of l^nzene 
^acid amides of this invention either alone or in combinauon wuh exap^^ncs 
15 pharmaceutically accpetable materials with no pharmacological effect) Such 
ar^ useful for diseases and conditions which - ch— by 
cxcesrive smooth muscle cell proliferation most frequently ansmg from vascu ar 
rnlcti: surgery and transplantation, for example, balloon ^^^^^^ 
graft surgery, coronary artery bypass surgery, and heon rransplantanon. Other^s^^ 
Zs JZc. there is unwanted vascular proUfera.on include ^^P— 
and congestive hean failure. The compounds of che mvem.on are thus useful 
treating these diseases and suies. 

TTC compounds of U,,s invencio- may b. ada,inis.c«d ^y"^^*''''' 
example by inJc„ou5inj=cdon.„pical.y ranging ftorn 0.1 to 10 mg / kg/ h, ov«5 

by sut^-coo s taiccdon „ lo«« do«. by or,. """^ 
Z L Javcnous injecdon. l^alizod d.li«n- of .h. '-'^'^^''^^ 
invcndon may also be achieved by ™smembra«., a««dennal. o o*.r »p.« 

maoix.»hcreappUcab... Tl« comp«idons of *einve«.o« may be fo™^ 
con«n<io«.lcxdpien».s«ch.s.filler..disin«gt.dng.g»..bmd^,alota^^^^ 

„ • . ™h *. Hke These are fbmiulaied in a convennonal manner. U is 
Havonng agent and the nice, inesearei" in anv manner 

^.derstood that the compounds Of this invention may be admm^i^^ 

and a. any concentration that is efficacious to the partKular ^^^l^J^^^ „ 
delivery and composition and concentration of the dose wtU be determmed 
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individual basis by the physician or other skilled medical professional treating the 
recipient 

FfftTtrt fin Tf" Prnliferarion 

5 

A. Cdl Sources 

The ability of the compounds of the present invention to inhibit smooth 
muscle cell proliferation and modulate endothelial cell growth was established uang 
10 isolated aortic cells obtained from commercial sources or. for certain species, 
prepared in-house. Cell lines used in this study include human and porcine aordc 
smooth muscle cells and human aortic endothelial cells. Human aortic cell lines were 
obtained from Qonerics Corporation (San Diego). 

15 Porcine aortas were received from a local slaughterhouse. The material was 

iced during transit The aorta was scrupulously cleansed of fatty tissue and rinsed in 
sterile phosphate-buffered saline with 2% andbiotic/antimycotic (Gibco catalog # 600 
- 5240 AG). The tissue was then digested in 10 - 15 mL of "Enzyme Mixture- 
containing collagenase type 1. 165 U/mL: elastasc type III. \5 U/mL; BSA. 2 mg/mL; 

20 and soybean trypsin inhibitor. 0.375 mg/mL followed by incubation ai 370C under 
5% CO2 for 10 - 15 min. After this treamient. the outer surface advcnuiia was easily 
removed by peeling with forceps. The aona was then longitudinally cut and laid open 
and the endothelial layer was removed by scraping. 

25 The medial layer of cells was rinsed in enzyme solution, and placed in a new 

100 mm dish with 10 mL enzyme solution. The aorta was minced using a fine pair of 
scissors and digested for 2 - 3 h at 37oC in 30 mL of fresh enzyme solution. After 
digestion, the tissue was homogenized using a sterile Pasteur pipette with a fire 
polished tip or an eppendorf pipetter witii a 200 - 1000 mL sterile pipene tip. The 

30 suspension was then centrifiiged for 10 min at 8000 rpm and die peUet was suspended 
in 4 - 6 mL of fresh medium and plated onto 4 - 6 100 mm flasks with vented caps. 
Cells were allowed to grow to confluence and split using 0.25 % trypsin. Cells were 
evaluated for purity and ovcraU quality using antibody to SMC actin. 



wo 96/14324 



PCTAIS95/14737 



-10- 



10 



15 



20 



25 



B. Effects of compounds on cell proliferation using Thymidine 
incorporation 

,99 sopplen.«.«d with 10% f.<al bovine scrum and 2% ant>b.onc/ 
:tyc^c. A .u^confln«.c=. ,hc ccUs were placed in a dcfin^ 
^1 (AIM-V; Gibco) fbr 24 - 48 h prior ,0 inidating .he =xpcr,mcnal p.o»col. 

Although compounds w«= found .o b, more rffecive «ith lon,« P«- 

_i „™^n«nB were inidaied with the addidon of compound. 'H 
iocubanoos. in general, expenments were imu«i«u j ,„rt r«iJis 

; ™««h factor to serum deprived synchroniiedcelUand results 
r^::t:r:^- --»^- Or:w.hf.tor„d serum sdmuladoos 
were optimized for each cell type. 

rrrrirg:::e.rr::=^^^^ 

0.1 to 100 ^g/mL. 

At the completion of the experiment, plates were placed on ice. washedthr^ 
u M PBS and incubated in ice cold 10% trichloroacetic acid (TCA) for 
dmes with ICC cold PBS and incuoaKuin ™f^«i to scintillauon vials 

30 min to remove acid soluble proteins. Soluuon ^^^^'^^^^^^^^^ ,„3ed 
containing 0.4N HCl (500 nL / vial to neutralize NaOH and 
two umes with water (500 HD for a total volume of 2 mL / vwl. 



30 



35 



^ was obt*«l. in tHpUcat. f« boU, condol '^"^'^J^'^^ 

growth t«aor or serm stunoladon. ^^"^Jt^^ D«. 

sti^l^ed with powd. factor « serum a,^ .^Lnmned. 

was expressed .s a p«ce.t of con^o, « "^J^^^ edl 

Co„,p»,^ of the pres«.< invention are effecdv. tntabttors smoo 
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proliferation as suimnarized in Table I. Furthennore, the compounds of the present 
invention exhibit human stnooth muscle ceU (HAOSMQ antiprolieraiive activity in 
the case where proUferation is driven by either 10% fetal bovine serum (FBS) or 
platelet derived growth factor (PDGF; human recombinant PDGF-AB purchased from 
Upstate Biotechnology Inc.. Lake Placid, NY). For example, the sulfated compound 
of Example 1 1 inhibits HAOSMC proUferation driven by FBS QCso 100 nM) as weU 
as by 5 ng/mL of PDGF (IC50 100 nM). 

C Effect on Endothelial Cell Growth vs. Smooth Muscle Cell Proliferation. 



The promotion of cndothcUal cell proliferation concurrent with inhibition of 
smooth ceU proliferation is an important consideration for inhibiting the exaggerated 
response to injury arising from vascular reconstruction. The compounds of the present 
invention enhance human endothelial cell growth driven by 2% FBS at doses 
15 inhibitory towards human smooth muscle cell proliferation driven by 10% FBS as 
represented by the sulfated compound of Example 1 1 as shown in Figure 1. 



D. Cytotoxicity: 

20 Visually, all cells were found 10 tolerate high levels of all compounds quite 

well, however to insure that no toxicity was present, cytotoxicity of compounds was 
examined using a commercial modification of the MTT assay. Briefly, cells were 
again grown in 24 well plates to 70 - 80 % confluency and. as before, scrum deprived 
for 24 - 48 hours prior to initiation of the experimental protocol. To insure that the 

25 MTT assay monitored toxicity rather than proliferation, cells were incubated with 250 
HM drug in fresh medium widiout scrum for 24 hrs. at 370C in a humidified CO2 
incubator. Upon completion of the compound treatmenv MTT indicator dye was 
added for 4 hours at 370C. Cells were then lysed and aUquots from each well were 
transferred to a 96-well plate for analysis. Absorbance at 570 nm wavelength widi a 

30 reference wavelength of 630 mn was recorded using an.ELISA plate reader. Results 
are reported as percent viable using no drug (100% viable) and pre-solubiUzarion (0% 
viable) standards. Sulfated compounds of Examples 8-14 exhibited no toxicity at 
250^ 
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E. Antkoagnlant Activitr 

■n„ anndoBtag activin- of confounds of to iavemion »« ««lu.«<i to 
a parti ■hnHnbopte.ta d». (AFTO «».y "Sinf »om«l b»»„ P^;"^^ 
5 donon ustog *. pr=c«i« of ftnichd 1. iCUn C^- ^^'«;«>;^ 
BBL Rl«om«o ««on»tic pr««ion co.g»l.tio» nmer untog a 0.3 P-"^ «^ 
OTployed. An ElUjic «*i KdvaBd p«i.l thromboplastin was ascd for Uks. 
^^.s. m «.g»t is .dtW to htunan citrated plasma cqui.ibo.cd at 37^ .n 
.Tlastic «dl in tlK CIO. ttaer. Calcium at 37oC is added, the cio. nmcr ts standi 
Z dtn. for BbH. Clot fonnadon (in seconds, was rccotdcd. ~ of *^ 
compou«ls. «W«J to plasma, over a conccnrrafon of 12.5 - 200 ^gA^Lw^ 
LLnci Any plasma which did no. Co. af.r 240 seconds was 
1. of 240 seconds. An unfracriona.cd heparin compm.or was used over d.e 
™1 range of 1^ - .0 ^gW- Coning .es« « .11 concen^dons we« run 
r^,ica.e. Anilysis of variance for a ..ndomized bloc. des„n was ^ » 
detertLne the Significance of differ^^sobser^edin the clotungum^^^^^^^^^^ 
is reported n=Iadve «> heparin wherein raio >1 ind,ca..s weaker «m,<y reUuve » 
heparin on a |ig/niL basis. 

Table I 



SULFATED 
COMPOUND OF 
EXAMPLE 


Porcine Smooth Muscle 
Cell Antiprolifcration IC50 
or 

(% Inhibition at x 
concentration) 

M/ fiM 


Anticoagulation Activity 
(APTT) Relative to Hcpann 

nt 


9 
10 


12.7 jiM 

11.8 ^lM 


no signifcant activity at 25 - 
200ug/mL 

nt 

72 


11 

12 

13 , 

14 


2.6|jtM 

2.0 fiM 
(23 - 48% at 20 uM) 
3.5 ^iM 


nt 

tit 

3J[ 



nt = not tested 
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F. Effect in Experimental Modd of Restenosis 

Male Sprague-Dawlcy Rats weighing between 0.3 - 0.4 kg were housed in 
5 polycarbonate cages (2 per box) with com cob bedding and provided with Purina 
5001 rat chow and water (ad. lib. A 12 hr / 12 hr Ught : dark cycle was maintained 
with Ught on at 7:00 A.M). After acclimation, rats were randomly assigned to 
treatment groups (12 per group). The rats were anesthetized with Kctaminc. 
Acepromazonc, and Xylazine. The anterior portion of the neck was shaved, a 3 cm 
10 incision was made along the midline, and the trachea was exposed by gently parting 
the underiying tissues and muscle. A retractor was inscncd to hold the muscles and 
tissues aside and die common carodd artery was isolated from the surrounding tissue. 

A 2 cm segment of the right common carorid anery was lifted such that an 1 1 
15 mm approximator was placed on the vessel at about 2 and 7 cm before the bifurcation 
of die internal and external branches of the carotid anery. The 5 mm segment of die 
common carorid anery between the clamps of the approximator was punctured at 
about 0 J mm from die edge of each clamp with a 30 G needle and a genUe stream of 
isotonic saline was injected tfirough the isolated segment to flush out any blood, A 
20 steady stream of air. at a flow rate of 30 - 35 cc/min, was then directed through the 
anery for 5 minutes to desiccate the vessel. The approximator was loosened initially 
to remove air from the segment and then removed to restore blood flow. Gentle 
pressure was applied to die neck until bleeding stopped. The neck incision was 
sutured closed and the animal returned to individual housing (polycartjonate boxes 
25 widi com cob bedding). 

A sham operation was p«formed on a control group of rabbits in which Uic 
carotid artery was exposed but not subjected to air drying. 

30 Experimental drugs were administered i.v. from ALZA2nil 2 osmotic pumps 

for 2 weeks stamng 2 days before air drying. A 12 mm incision was made along die 
posterior midline of ±e ratfs neck. To insen die pumps, a subcutaneous pocket was 
formed dnough die incision along die animal's back and die pump was implanted in 
die pocket and die attached cannula was pulled subcutaneously to die anterior neck 

35 where it was inserted into die jugular vein contralateral to die injured arterial vessel 
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10 



15 



20 



25 



Two weeks following surgery, the rats were sacrificed vi: anesthenzai 
exsanquination. The injured ancrial tissue was fixed in situ by perfuMon widi Zn - 
FonnaUn, then removed for histological processing and evaluation. Arterial tissue 
was cut in 5 tnicron sections at 200 to 500 micron intervals. The cross sections were 
photographed and the arterial media and intima were digitized and m«^ These 
values were used to determine the intima / media (UM) ratio; group diff^nces were 
compared by ANOVA. The compounds of the present invention have been found to 
be effective inhibitors of intimal thickening in this experimental model of restenosis. 
For example the sulfated compound of Example 1 1 inhibited intimal thickening by 
50% in comparison to untreated animals at a dose of 125 ^g/mL according to the 
procedure described above. 

Specific proceduies are described in the following examples. These examples 
are given to illustrate the invention and should not be construed as liminng the 
invention set forth in the appended claims. 

fryAMPT.El 
Stgn 1 

^ rr n irrtn n fli ""^ ' mrthYl-l-nllmlitnatu 

A soladon of .a3 , (61.5 mmol) of 4.mc,hy|.3.ni.obcaz,. aicohoK m3 g 
(73.7mmoDof «ctob™«gl«co«. 13.3 | (5. 7 ™mo„of Hg(CN)2.a.d 18.6 6(52.0 

Z Idon ™xn« ^ ,«-h.d wi* 250 no. of 2.0 M KBr and ^rr«^ 
Z CH,a, ^ organic pha« was washed wi* sa,. NaHCC^ "^^^ 
or«nic phase was dri«l o.er MgS04. concentrated .o an oU ».d senu-prnfied by 

p„,vid«l a »ud of 16.4 g (54% yield) of d-e dOe ""^Tl" ' ""f^.tf! 5 m 
ZtR. (CCa,. 300 MHz) 8 7.92 (d, 1 H). 7.43 (dd. 1 H). 733 (d. I H). 5^ 5^ 
rV 4 02 (d 1 H) 4 66 (d. I H). 4J9 (d. 1 H). 4.28 (dd. I H). 4.18 (dd, 1 H). 
r68'!^(rm2!60,r3'H)..l.(.3H,,2...(OH).X03(s.3H..ndX0. 

ppm (s, 3 H). 
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<./TPfr«.n.acftvl.fl.glucoDvr anosvloTYmgthvlV2.nH>thvlnhgnviflnriiig 

A solution of 5-(tctra-0-acetyI-P-glucopyranosyl-oxymethyl)-2-methyl- 
5 nitrobenzene (6.73 g, 13.5 mmol) in EtOAc (150 mL) containing 21.4 g (94.8 nnnol) 
of Sna2 dihydrate was stiired at 750C for 3 h. The reaction mixture was cooled and 
quenched with ca. 450 mL of sat. NaHCOs, diluted with CHiqi, and filtered duough 
solka floe. The organic phase of the filtrate was dried (MgS04). and concentrated to 
give yellow solid which was washed with a little Et20 to provide 3.85 (63% yield) of 
10 the tide compound: IR-NMR (C3X:i3. 300 MHz) 5 7.02 (d, 1 H), 6.64 (s, 1 H). 6.63 
(d, 1 H). 5.02 - 5.17 (m. 3 H). 4.79 (d. 1 H). 4.50 - 4.55 (m, 2 H). 4.29 (dd. 1 H), 4.17 
(dd. 1 H), 3.64 - 3.68 (m. 1 H), 2.18 (s, 3 H). 2.1 1 (s, 3 H). 2.02 (s. 3 H). 2.01 (s, 3 H). 
and 2.00 ppm (s, 3 H). 

IS EXAMPLE 2 

Step 1 

5.fppp»!i-0.aCTtvUf^n.geHob insvlnxvmethvn.2.nigthvM -nitrobenzene 

The title compound was prepared in 47% yield by the procedure of step 1 of 
20 Example 1 using 4-methyl-3-niirobcnzyl alcohol and acetobromoccllobiosc as well as 
sai. NaQ in the quenching step. Purification was achieved by fiash chromatography 
(EtOAc / petroleum ether. 1 : 2 to 1 : 1 to 2 : 1): "H-NMR {CDCI3. 300 MHz) 5 7.91 
(S, 1 H), 7.40 (d. 1 H). 7.32 (d. 1 H). 4.80 - 5.20 (m, 6 H). 4.40 - 4.80 (m. 4 H). 4.36 
(dd. 1 H). 4.02 - 4.13 (m, 2 H). 3.81 (t, 1 H). 3.60 - 3.68 (m. 2 H). 2.60 (s. 3 H), 2.14 
25 (s. 3 H). 2.08 (s. 3 H). 2.06 (s, 3 H), 103 (s. 3 H), 2.02 (s, 3 H). 2.01 (s. 3 H). and 
1.98 ppm (s, 3 H). 



30 



.Step 2 

^.mpntfl-n.ar ptvi.R.n^iiohSi^vinYvmrthviW-nietliYlnhfnYlanime 



The tide compound, mp 180 - 182 was prepared in 62% yield from 5- 
(hepta-0-acetyl-P-D-ceUobiosyloxymethyl)-2-methyM-nitrobenzene using the 

procedure of step 2 of Example 1. Purification was achieved by flash 
chiomatography (EtOAc / petroleum edier. 1: 1 to 2 : 1): »H-NMR (DMSO-de. 400 
35 MHz) 8 6.86 (d. 1 H). 6.48 (d, 1 H). 636 (dd. 1 H). 5.24 (t. I H). 5.10 (m, I H). 4.80 - 
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4 90 (m. 3 H). 4.61 - 4.72 (m . 2 H). 4J6 (d, 1 H). 4.30 - 4.31 (m. 2 H). 4.22 (di 1 
H) 4 08 (dd, 1 H), 3.99 - 4.03 (m. 1 H), 3.94 (dd. I H). 3.73 - 3.81 (m, 2 H), 2.10 (s, 
3 k 2.10 (s. 3 H). 2.00 (s. 3 H). 1.98 (s, 3 H). 1.96 (s, 3 H). 1.95 (s. 3 H). 1.94 (s 3 
H) and 1.91 ppm (s, 1 H); mass spectrum (+FAB) mJz 778. Anal. Calcd. for 
C34H46NO18: C 53.97; a 6.13; N. 1.85. Found: C. 53.67; H, 5.92; N. 1.62. 



10 



15 



20 



25 



pYAMPf.E3 
Stent 

The riUe compound was prepared in 45% yield by the procedure described in 
step 1 of Example 1 using 4<hloro-3-nitrobcnzy 1 alcohol and 1^-^^^'^'';^^ 
as weU as sat Naa in the quenching step: ^H-NMR (CDCI3. 300 MHz) 5 7^2 (d 1 
H). 7.53 (d. 1 H). 7.42 (dd. 1 H). 4.8 - 5.2 (m. 5 H). 4.73 (d. 1 H), 4.51 - 4 66 (m 4 
H 43.4 4 (m, 1 H). 4.03- 4.11 (m, 2 H).3.81(t.lH). 3.60 - 3.68 (m. 2 H). 2.13 

Z l '(^3 H). 2.06 (s, 3 H). 2.03 (s, 3 H). 2.01 (s. 3 H). 2.01 (s. 3 H), 1.99 (s. 
3 H), and! J7 ppm (s. 3 H). 



The .i.le compo„nd ».s prepared from S-Chepia-O-acetyl-P-D- 
ceUo«osyloxymed,yl).2.ehlo,o.l.«nob««n. u, 6.* jrieW as a soUd by ™«mon 

wid, eU,^ »ir*e procedure of 3«p 2 of Example U H-NMR <5'°';^ 
S7^(d, 1 H). 6.75 (s. 1 H), 6.60(d. I H).4.89 - 5.19 (m. 5 H). 4.73 (d . H^^47 
4.60 (m. 4 H). 436 (dd. t H). 4.02 • 4.13 (m. 2 H). 3.80 . H, 3.^5 ■ .67 (m.^H • 
2.14 (s. 3 m. 2.08 (s. 3 H).2;03 (s. 3 H). 2.02 (s. 6 H), 2.01 (s. 3 H). and 200 ppm (s. 
3H). 
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RYAMPLE4 

Step 1 

^.m«.nta.0.prPtvl.R.nialt n«vlOTvmgthvn.7^hloro.l.nitmbeMene 

5 

The title compound was prepared in 50% yield by the procedure described in 
step 1 of Example 1 using 4.chloro-3-nitrobenzyl alcohol and aceiobromomaltose as 
well as sat. NaCl in the quenching step. Purification was achieved by flash 
chromatography (CH2CI2 : EtOAc (5 : 1) to provide the tide compound: panial iH- 
10 NMR (CDI3; 300 MHz) 5 7.83 (d, 1 H), 7.53 (d, 1 H). 7.42 (dd. 1 H). 5.42 (d, 1 H). 
5.36 (t, 1 H), 5.06 (t, 1 H), 2.15 (s, 3 H). 2.1 1 (s, 3 H), 2.04 (s. 3 H). 2.03 (s, 3 H). 
2.02 (s, 3 H), and 2.01 ppm (s. 3 H). 



Step 2 

15 ff.(T^^pta.0.af f»vl.R.inaltosYlnxvTnefhvn-'>.fhlorO-nhfnYlainine 

The title compound was prepared from 5-(hcpta-0-acctyl-p- 
maltosyloxymcihyl)-2-chloro-l-nitrobcnzene in 96% yield by the procedure of step 2 
of Example 1. The crude product was obtained as a solid and was used without 
20 further purification: partial iH-NMR {CDI3; 300 MHz) 5 7.20 (d. 1 H). 6.73 (d. 1 H). 
6.60 (dd, 1 H). 5.41 (d, 1 H), 5.30 - 5.39 (m. 2 H). 5.23 (i. I H). 5.05 (t. 1 H). 4.83 - 
4.89 (m, 2 H). 4.74 (d, 1 H). 2.16 (s. 3 H). 2.1 1 (.s, 3 H). 2.032 is. 3 H). 2.027 (s, 3 H). 
and 2,00 ppm (s, 6 H). 

2s FYAMPf.E 5 

Sisal 

«S.mpnta.n.aff*vl-P-»artosvt n*vTn«'thvn.2.rhlnrn-1-nitrnhCTZeng 

The tide compound was prepared in 51% yield by the procedure described in 
30 step 1 of Example 1 using 4.chloro-3-nitroben2yl alcohol and acetobromolactosc as 
well as sat NaCl in the quenching step. Purification was achieved by an intial flash 
chromatography (CH2CI2 : EtOAc (4 : 1) and then re-flash rechromatography 
(ai2Cl2 : EtOAc (9: 1)) to provide the title compound as a soUd: partial iH-NMR 
(CDI3; 300 MHz) 5 7.82 (d. 1 H), 7.53 (d, 1 H). 7.42 (dd. 1 H). 5.35 (d, I H). 5.21 (s. 
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1 H). 4.87 (d, 1 H), 4.66 (d, 1 H), 2.15 (s. 3 H). 2.13 (s. 3 H), 2.06 (s. 6 H). 2.05 (s. 6 
H),andl.97ppm(s,3H). 

stgo2 

5 ^ ^^^ lT ^ .n-<.^vi. p inrtTnTl--^"^"^'^ 7Thioro-nhfnYlaniinii 

The title compound was prepared from 5-(hepta-0-acetyl-Nactosyl- 
oxvtnethyl)-2-chlorc>l-nitrobenzene in 94% yield by the procedure 1 of step 2 of 

10 purifltion: P-aim-NMR(CDl3;300MH.)57. m i H .67^^ 

dd. 1 H). 5.35 (d, 1 H), 5.08 - 5.20 (m, 2 H), 4.73 d. 1 H , 2.5 (s. 3 H). 2.14 (s. 
H). 2.06 (s, 3 H), 2.05 (s, 3 H). 2.02 (s, 3 H). and 1.97 ppm (s. 3 H). 



15 



30 



Sisal 



Th« ride compound was prepared in 42% yield by the procedure described in 
s„p I o7C.rruTn, 1 e^uiLL or5-ni.o.m.^^^^^^^^^ 

20 rralbromoIeUobiose. and two e,u..en:s of aU other ^^^J^^ 

u- Purification was achieved initially oy iia»i 

NaCl in the quenching step, funiicauon wa;, 

q from ether. >H- 

chromatography (EtOAc / <-"2«-»2 u • n , . . oo « 30 (m, 12 H). 4.68 (d, 
NMR (CDCI3. 300 MHz) 5 8.10 (s. 2 H), 7.48 (s. 1 H . 4.88 5 30 (m, ) 
2 HW 52 - 4 59 (m. 6 H). 4.38 (dd. 2 H). 4.0 - 4.13 (m. 4 H). 3.82 (t. 2 H . 3^8 
25 X4Ht2.3(s,6H)..08(s.6H,107(s,6H).2.03(s.n 

and 1.98 ppm (s, 6 H). 



Sisal 



35 



6.73 (bs. 2 H). 6.67 (b». 1 H). 5.03 - 5.30 (m. 6 H) <'^^ «>• ^'^ ^ ^ 3J7 - 
(d 2 H). 4.49 - 4.61 « H), 4.37 (id. 2 H). 4.02 . 4.13 (m. « H). 3.8U>. 
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3.69 (m. 4 H), 2.15 (s, 6 H), 2.08 (s, 6 H), 2.03 (s, 6 H). 2.01 (s. 18 H), and 1.98 ppm 
(s,6H). 

EXAMPLE 7 

5 Sisal 

^■S.Ris/tetra.n.agetvl-fl.n.yliigosvloxYmethv».l-nitrQben7ime 

The title compound was prepared by the procedure described in step 1 of 
Example 1 using 1 equivalent of 5-nitro-m-xylene-a.a'-diol, two equivalents of 
10 acetobromoglucose, and two equivalents of all other reagents as well as sat. NaCl in 
the quenching step. Purification was achieved by flash chromatography (EtOAc / 
CH2CI2 (1 : 4 to 1 : 2) to give a 29% yield of nearly pure title compound which was 
used without further purification. 

15 Step 2 

rS-Bisftgt ra.n.flgi'tvl.fl-n.PliignsvtnxvmfthvDnhenvlamine 

The title compound was prepared by the procedure of step 2 of Example 1 
using 5.29 g" 3, 5-bis-(tetra-0-acetyl-3-D-glucosyloxymethyl)-l -nitrobenzene. 

20 Purification was achieved by flash chromatography (CH2CI2 / EtOAc (3 : 2)) to give 
2.00 g (39% yield) of the tide compound as a yellow oil: panial 'H-NMR (CDCl}. 
300 MHz) 5 6.56 (s. 3 H). 5.0 - 5.2 (m, 6 H). 4.8 (d. 2 H). 4.4 • 4.6 (m. 4 H). 3.7 ppm 
(btd. 2 H). 

25 EXAMPLES 

Stepl 

ylnfnnvrano «vi«TVing«hvt^PhPnvnamidg\ 

30 To a solution of 5-(tetra-0-acetyl-p-glucopyranosyloxymctiiyl)-2- 

mcdiylphenylaminc (1.51 g, 322 nnnol) and 3.22 mmol of triethylamine in THF (35 
mL) was added 285 mg (1.01 mmol) of benzene- 1,3.5-tricarboxylic acid chloride. 
The xeaction mixture was stiircd for 4 h, quenched with MeOH, diluted with CHiQa. 
and washed widi H2O. The organic phase was dried (MgS04) and concentrated to an 

35 oil which was purified by flash chromatography (CH2CI2 : EtOAc (1 : 1) to give 
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10 



crude product (1.17 g. 70% yield). To a solution of 983 mg (0.631 mmol) of the 

Serial il MeOH (25 n^) was added 1 N NaOH (9.^^^ 
sdning at 50 oC for 3 h, the reaction mixture was quenched wath I N HQ ^58 mL 
7 58 rmnol) and the product isolated by fUtration. Drying in vacuo provided 700 mg 
f ioO% Yield) of crude tide compound. The solid was suspended in HjO to remove 
^ri^l^^toprovidepuretidecompound,^ 

400 MHz) 5 10.3 (s, 3 H). 8.73 (s, 3 H). 7.37 (s, 3 H). 7.28 (d. 3 H). J 23^. 3 
7m rb. 3 H) 4 84 (d, 3 H). 4.57 (d. 3 H). 4.25 (d. 3 H). 3.69 (dd, 3 H). 3.44 - 3.49 
3 m 3 0 3 2^1 6 H) 2.28 ppm (s, 9 H); 13C-NMR (DMSO^; 100 MHz) 
f;^6 136 135^133.0. 130.3. 129.8. 126.0. 125.7. 102.1.77.0.76.8.73.6.70.2. 
69^6; 2 td 7 8 ppm; mass spect^m (-FAB) ./e 1052.3. 890.3; IR (KBr) 1650 
^.l ]^^^^^^^^ a54.4C..H.6.35;N.3.73. Found: C. 

54.44; H, 6.15; N, 3.68. 



15 



20 



25 



St£fi-Z 




30 



A solution of b.n«n.-l.3.5-mcarboxyUc acid ms-lU-mchyl-S-CP- 

m-NMR (D20. 400 MHZ) 5 8.73 (s. 3 H). 7.46 - ^-SH bm. 9 H)^ 457 5 
„,...S7<OH,..7.MH.4..7.«^^^^^ 

(m.3H).an<ii37ppni(s,9H).' CNMK^U2U. 707 678 and 

24^5; a 3.01; N. 1.68; S. 15.40 Foo«l: C 24.29: H. 2.78; N. 2.69, S. 15.84. 
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fYAMPLE9 

Stsal 

^ To a solution of 5-(tctra-0-acetyl-P-cellobiosyloxymcthyl)-2-methylphenyl- 

amine (1.49 g, 1.97 rarnol) and 217 iiL (1.97 nrniol) of tricihylaimne in THF (35 inL) 
was added 174 mg (0.66 mmol) of benzene- 1,3.5-tricarboxyIic acid chloride. The 
reaction mixture was stirred for 4 h, quenched with MeOH, diluted with CH2CI2. and 

10 washed with H2O. The organic phase was dried (MgSO*) and concentrated to an oil 
which was purified by trituration with ether to give 873 mg (55% yield) of an off- 
white solid. To a solution of the crude material in McOH (25 mL) was added 1 N 
NaOH (9.1 mU 9.1 mmol). After stirring at SQOC for 3 h. die reaction mixture was 
quenched with 1 N HQ (7.64 mL. 7.64 mmol) and the product isolated by fiHranon. 

15 Drying in vacuo provided 408 mg (80% yield) of tide compund. mp > 200 °C: pamal 
IH-NMR (DMSO-de. 400 MHz) 5 10.33 (s, 3 H). 8.75 (s. 3 H). 7.36 (s, 3 H). 7.27 (d, 
3 H) 7.23 (d, 3 H), 5.2 - 5.3 (br. 6 H). 5.00 (br, 6 H). 4.84 (d. 3 H). 4.70 (s, 3 H). 4.56 
- 4.64 (m, 9 H). 4.33 (d. 3 H). 4.26 (d. 3 H), 3.77 (dd. 3 H). 3.64 - 3.70 (m, 6 H) and 
227ppm(s.9H): »3C-NMR (DMSO-d^; 100 MHz) 5 164.5. 136.0. 135.9. 135.1. 

20 133.0. 130.2. 129.8, 125.9. 125.6. 103.2. 101.8. 80.5. 76.8. 76.4. 75.0. 74.9. 73.3. 
732, 70.0. 69.4. 61.0. 60.4, and 17.8 ppm; mass spectrum ((-)-FAB) 1539.2 (m). 

f ^^ J^J ^ J^ ^] ^ 5.|ri^rhn.viir TH.n2.methvi.s.fhfnta-0-'iiilfatfl-B- 
25 ^fUffi^j ^vinrvtn fthYDr''''"^"^"^'^^^ Hf nffrfwasfMlililll Salt 

A solution of 279 mg (149 mmol) of ben2ene-1.3.5-tricarboxylic acid tris-{ [2- 
methyl-5-(p^ellobiosyloxymcthyl)phenyllamide) and sulfur trioxide trimethylamine 
complex (3.19 g) in DMF (30 mL) was stirred at 70oC for 4 days. The reacnon 
30 ,nixtu«wasquenchedatix)omtemperatuicwithH20andconcentratedmv«:«o. Hie 

residue was purified by Sephadex CIO chromatography (HjO elution). Cat^n 
exchange was effected using a column of Dowex 50 x 8 strongly 
fonn) to provide 357 mg of the tide compound as a tan sobd, mp > MO C para 
IH-NMR (D20. 400 MHz) 5 8.70 (s. 3 H). 7.44 - 7.52 (m. 9 H). 4.99 (d. 3 H). 4.97 
35 (d, 3 H). 4.86 (d, 3 H). 4.83 (d. 3 H). 4.68 (d, 3 H). 4.64 (d. 3 H). 4.58 (dd. 3 H). 4.01 
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- 4 04 (m, 6 H). and 2.34 ppm (s, 9 H); ISC-NMR (D2O; 100 MHz) 5 168.17. 135 A 
13^ m9 134.2. 131.0. 129.9, 127.9. 126.7.99.9.99.2,77.6.77.34.77.31.77.02 
74 3 73.6."73.4. 73.0. 70.6. 67.6. 66.5. and 16.7 ppm; mass spectrum (clccm^spray) 
z Na U 897.8 (« - 4 Na)^. 713.2 (m - 5 Na)5-. and 590.8 (m ■ 6 Na)6-. AnaL 
^^cl fTZnU2.0^^ • 18 H.0: C. 20.67; a 2.70; N, 1.05; S. 16.78. 
Found: C 20.35; H, 2.78 N, 1.00; S. 14.19. 

<stpn 1 

^ ^^^^^ p^,>..^.hn.vnr ^n<iTm(f^-(hfntn-0-flrfTYl-&-I^ 

TO a solution of 962 (..24 mmol, of S-'-'P-^""'"-^ 

jj J iin mo fn4l3 mmol) of benzene- 1, J. 3- 
^mnu nf triethvlaminc was added 110 mg tu.'n^ mm»i, » 

chromatography (CH2a2 • BOAc 2^1^ ) g ^^^^^^ ^ 

^-:s3r3::3'..^':3=^^^^^^^ 

30 N, 1.53. 



20 



25 
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Sten 2 

ftfn Tfn«.1 •< g.trieirh»^t.V Arid T rtefra.ghlnro.S./R.T)-nialtosYloxvinethYlV 

phMivnamidel 

5 To a solution of 983 mg (0.194 mmol) of benzene- 1.3.5-tricarboxylic acid 

tris([5-(hepta-0-acctyl-^-D-maltosyloxymcthyl)-2-chlorophenyl]amide) in MeOH 

(15 mL) was added 1 N NaOH (4.67 mL, 4.67 mmol). After srining at SO^C for 4 h. 

the reaction mixture was quenched with I N HCl (4.08 mL, 4.08 mmol) and the 

product isolated by filtration. Drying in vacuo provided 309 mg (99% yield) of tide 
10 compund. mp > 200 °C: partial iH-NMR (DMSO-d^, 400 MHz) 5 10.56 (s. 3 H). 

8.78 (s, 3 H). 7.60 (d, 3 H). 7.56 (d, 3 H). 7.37 (dd. 3 H), 5.02 (d. 3 H). 4.89 (d. 3 H). 

and 4.63 ppm (d, 3 H); 13C-NMR (DMSO^le; 100 MHz) S 164.57. 137.83. 134.73, 

134.61, 130.13. 129.36. 128.67. 127.53, 126.85. 102.12, 100.75,79.54.76.37.75.28. 

73.45. 73.24, 73.02. 72.42. 69.87, 68.72, 60.76. and 60.64 ppm; mass spectrum ((-)- 
15 FAB) m/z 1598.4 (M - H). 1436.3, and 1274.3. Anal. Caicd. for C66H84CI3N3O36 

•9H2O: C, 44.94; H, 5.83; N, 2.38. Found: C. 44.48; H, 5.46; N. 2.78. 

Step 3 

ftf.n^>n«^I VS-trigar hl1^v"r AridTri<:fr?.fhloro-5.(hpntn-0->illlfal(^B-Dl 

20 i n^tt^Hivinxvmf tfrvi^nhpnynamidf ) Heneicosasn<1iiini Salt 

A solution of benzene- 1.3,5-tricarboxy lie acid tris-((2-chloro-5-(p-D- 
maltosyloxymethyl)phenyl]amide) (208 mg. (130 mmol) and sulfur trioxide 
irimcthylamine complex (1.90 g) in DMF (20 mL) was stirred at 70oC for 2.5 days. 

25 The reaction mixture was quenched at room temperature with H2O and concentrated 
in vacuo. The residue was purified by Sephadex G-10 chromatography (H2O 
elution). ation exchange was effected using a column of Dowcx 50 x 8 strongly 
acidic resin (Na form) to provide 400 mg (82% yield) of ti»c tide compound as a tan 
solid, mp > 1780C (dec): partial IH-NMR (D20. 400 MHz) 8 8.74 (s, 3 H). 7.67 - 

30 7.70 (m, 6 H), 7.57 (d. 3 H), 5.62 (d, 3 H), 5.09 (d. 3 H). 5.04 (d, 3 H). 4.66 (t, 3 H), 
4.61 (dd, 3 H). and 4J2 ppm (l. 3 H); "C-NMR (D2O; 100 MHz) 5 168.1. 136.9. 
134.7, 132.9. 130.3. 130.1. 129.7. 128.6. 127.6, 98.8. 94.1. 77.4. 76.0, 74.8. 73.4. 
73,2. 72.3. 71.8. 69.9. 69.7, 67.6. and 66.1 ppm; mass spectrum (elcctrospray) (m - z 
Na)/z 1225.0 (m - 3 Na)3-, 912.8 (m - 4 Na)*". 725.6 (m - 5 Na)5-. and 601 (m - 6 
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10 



15 



20 



25 



Na)^- Anal. Caicd. for C«H63a3N3Na2i099S2i • 4 Na2S04 • 21 H2O: C 16.90; H. 
2.25; N. 0.90. S. 17.09. Found: C 16.77; H. 2.29; N. 0.97; S. 16.90. 

pYAMPI.Kll 

To a solution of 1.43 g (1.85 mmol) of 5-(hcpta-0-acctyl-P- 
cellobiosyloxymcthyD-l-chlorophcnylaminc in THF (25 mL) containing 254 pi, 
(1.85 mmol) of triethylaminc was added 163 mg (0.615 mmol) of bcnzencLS^ 
tricarboxylic acid chloride. Th. reaction mixture was stirred for 90 min. quenched 
with MeOa diluted with CH2CI2. and washed with H2O. The o^anic phase was 
dried (MgS04) and concentrated to an off-white solid. Punficauon by flash 
chromatography (CH2CI2 : EtOAc (1 : D) gave 937 mg (62% yield) of pr^uct An 
analytical sample, obtained as a white crystal (-P >200«Q. -s P-p-e^ ^ 
sepiite run: 13C.NMR (CDQa; 100 MHz) 5 170.5. 170.4. 170.2. 169.8. 169^6. 

Z3, 169.0. 163.0. 137.0. 136.1. 134.0. 129.2, 128.9. ^^^-^^L f " ' 

99.4. 76.37. 72.90. 72.8. 72.47. 71.93. 71.59. 71.46. 70.1. 67.8. 61.8, 61.5. 2a 87 
20.66, 20.60. and 20.50 ppm; mass spectn^m (positive (^a^^^,™^^^^!" ^ 
Ca)2V2 1262. Anal. Calcd. for C,08H,26Cl3N3O5r2H2O: C, 51.46; H. 5.20. N. 

1.67. Found: C 51.44; H. 4.88; N, 1.71. 

Step 2 

Y i ^j ^ jy^^ ^ c.tHr«rhoxYiir Arid Tri?i{[7-f hlnr9-5-fB-P- 



30 



A solution of 917 mg (0.375 mmol) of ^e-ene-l 3.5.mcart«xyh^^^ 
tris{[5-(hepta-0-acetyl-{.I>ceHobio^^^^^^ 

(25 mL) was treated with 9.0 mL (9.0 mmol) of INNaOH. A^ ^^^^^ 
5(y>C,d.emactiontx«tur«wasquenchedatroomtemperam«w.^l^^^ 

7.9 mmol) and stirred for 10 min. The solid was collected and ^^^^ 
provide 579 mg (96% yield) of the tiUe compound as color^« so^ mp > 2CW0C 
^ IH-NMR (DMSOd6. 400 MHz) 8 10.57. (s, 3 H) 8.78 (s. 3 H). 7.58 (s. 
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7 J5 (d. 3 H), 7.36 (s, 3 H). 4.87 (d, 3 H), 4.34 (d, 3 H), 4.25 (d. 3 K), 3.77 (d, 3 H), 
and 3.68 ppm (d. 3 H); "C-NMR (DMSO-de; 100 MHz) 5 164.6. 137.9, 134.7. 
134.6, 130.2. 129.4, 128.7, 127.5, 126.9, 103.2, 102.0. 80.5. 76.8, 76.5, 75.0. 73.3, 
73.2, 70.0, 68.8, 61.0, and 60.4 ppm; IR (KBr) 1655 cm-h mass spectrum (+FAB) 
5 m/z 1622.2 (M + Na). AnaL Calcd. for C66H84a3N3036-5 H2O: C, 46.86; H, 5.60; 
N. 2,48. Found: C 46.84; a 5.46; N, 2.37. 

Step 3 

«>f.^«.n«>.1.:<.,S.tr ir^rhnYvlig Arid Trisf2.chloro-S-(hpnta-0-,SlllfQ-B-P- 
10 r^Hnhinsvioic YTr''^'^^'^"'**^"^'^'''"'^^^ Hpn<'i<;osas(HHum Salt 

A soluiton of 403 mg (0J52 mmol) of benzene- 1.3,5-tricarboxylic acid 
tris([2-chloro-5-(p-D.ccllobiosyloxymethyl)phenyl]amide) and sulfur trioxidc 
trimcdiylaminc complex (3.89 g, 28 mmol) in DMF (25 mL) was srirred at 70^0 for 5 

15 days. The reaction mixwre was quenched at room temperature with H2O and 
concentrated in vacuo. The residue was purified by Sephadcx G-10 chromatography 
(H2O elurion). Cation exchange was effected using a column of Dowcx 50 x 8 
strongly acidic resin (Na form) to provide 949 mg of the title compound as a tan solid, 
mp > 1780C (dec): partial »H-NMR (D2O. 400 MHz) 5 8.73 (s. 3 H). 7.70 (s, 3 H). 

20 7.67 (d, 3 H). 7.57 (d. 3 H). 4.99 - 5.03 (m, 6 H), 4.68 (t, 3 H), 4.64 (t. 3 H). 4.60 (dd. 
3 H). 4.24 (d. 3 H). 4.20 (t. 3 H). and 4.02 - 4.05 ppm (m, 3 H); ISC-NMR (D2O: 100 
MHz) 5 168.1. 139.0. 134.7. 132.8. 130.3. 130.0. 129.6. 128.5. 127.4. 99.9. 99.4. 
. 77.5. 77.4, 77.3. 77.0. 74.3. 73.7. 73.3, 73.1, 70.1. 67.6. and 66.6 ppm. Anal. Calcd. 
for C66H63a3N3Na2i099-33 H2O: C 18.28; H, 2.93; N. 0.97; S, 15.53. Found: C, 

25 18.20; H. 2.67; N. 0.76; S. 15,51. apiUaiy electrophoresis showed purity in excess 
of 98%. 

FY AMPLE 12 

Stsal 

30 Bf^^^i r^Tricirhmrvlir Acid Trisfr7,-fhlf)rft-ff-fB-P- 

IfirtnavtoTVTnffhvnnhPnvlamide) 

To a solution of 993 mg (1.28 mmol) of 5-(hepta.0-acetyl-P- 
lactosyloxymediyl)-2-chloro-phenyIaminc in THF (20 mL) containing 178 (1.28 
35 mmol) of triethylamine was added 113 mg (0.427 mmol) of bcnzcnc-U-S- 
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tricarboxyUc acid chloride. The reaction mixture was stirred for 90 min. quenched 
widi MeOa diluted with CH2a2. and washed with HjO. The organic phase was 
dried (MgS04) and concentrated to an off-white solid. Purification by flash 
chronutography (CH2CI2 : EtOAc (2 : 1 to 1 : 1)) gave 431 mg (41% yield) of 

5 product A solution of 431 mg (0.174 mmol) of the compound m MeOH (15 mL) 
was treated with 4.2 mL (4.2 mmol) of 1 N NaOH. After stirring f or 4 h at 50oC the 
reaction mixture was quenched at room temperature with 1 N HCl (3.6 mL, 3.6 
mmol). TTie solid was coUected and dried in vacuo to provide 193 mg (69% yicld of 
the tide compound as colorless solid, mp > 200CC: partial ™^CDMSO^d. 400 

10 MHz) 5 10.58 (s, 3 H), 8.79 (s, 3 H), 7.59 (d. 3 H). 7.56 (d, 3 H). 7.36 (dd, 3 HX 4.88 
(d 3 H) 4 63 (d, 3 H). 4.35 (d. 3 H). 4.20 (d, 3 H). 3.79 (d, 3 H). and 3. 1 1 (s. 3 H) 
Sr (DMSO-dl; 100 MHz) 5 164.6. 137.8. 134.7. 134.6. 130.2. 129.4. 128.7 
127 5 126.8, 103.8. 102.0. 80.7. 75.5. 75.0. 74.9. 73.22. 73.19. 70.5. 68.8. 68.1. 60.5 
L 60.3 ppm; mass spec^m ((.)-FAB) mJ^ 1598.8 and 1600.8 (both M-H). Ana^. 

15 Calcd.forC«Hs4a3N3036-9H20: C. 44.94; H. 5.83; N. 2.38. Found: C, 44.24. 

H. 5.38; N. 2.29. 

1 1 r n I trir—- AriHTri..»7.rMoro-MlitPH-0-iiilfalft-B-P' 

20 n,rt ,^.jn....~.t> r nnli— H»ifi<-m!is<n1ii i ni S al t 

A sotoon of 126 mj (0.079 mmol) of b«z«c.l.3,5-rtcartoKyUc add 
rts(I2<hlon>Wp-D-Uctosyloxyme.hyl)phcnyllamid=l and sulfur mo»ic 
rtn«hyUmi„c compl« (1.5 i. 126 mmol) in DMF (20 mU was sdnud « TO^ to 
25 2 5 days. The reacdon mixmre was quenched a. room ,empen.n«e w-A HjO >^ 
c«,cJ™ed.,v^u.. T^e^uewaspuHfledbySephadexO-lOe^^pKy 
(H2O eludon). CSUon «cchange was effected using a column of Dowex 50 x 8 
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C66H63a3N3Na2i099S2i • 21 HjO: C 19^; H, 2.57; N, 1.02; S, 16.33. Found: C 
19Jl;a2.61;N, 1.11; S. 15.97. 

gYAMP!.E13 
5 Stgp t 

«^nTPn^iJt^- fr^rh«rviig Arid Tri.sir.1.5.bis-ftftra»0-acetYi-b-D- 

To a solution of 861 mg (1.06 mmoi) of 3. 5-bis(tetra-0-acetyl-p-E>- 
10 glucosyloxytnethyDphenylamine in THF (20 mL) containing 147 ^iL (1 .06 mmol) of 
tricthylamine was added 93.6 mg (0.353 mmol) of benzene- 1.3,5-tricarboxyIic acid 
chloride. The reaction mixture was sdired for 90 min. quenched with McOH. diluted 
with CH2CI2. and washed with H2O. The organic phase was dried (MgS04) and 
concentrated to a Ught yellow solid. Purification was achieved by trituration with 
15 ether to provide 849 mg (0.327 mmol) of the dtle compound as colorless crystals, mp 
12O-1290C: iH-NMR (CDa3; 400 MHz) 5 9.1 (bs. 3 H), 8.73 (s. 3 H). 7.67 (s, 6 H). 
6.99 (s. 3 H), 5.18 (t, 6 H). 5.10 (t. 6 H), 5.03 (dd. 6 H). 4.84 (d. 6 H). 4.65 (d. 6 H), 
4.61 (d, 6 H). 4.27 (br s, 12 H). 3.72 - 3.74 (m, 6 H), 2.06 (s, 18 H). 2.01 (s. 36 (H). 
and 1.97 ppm (s, 18 H); "C-NMR (CDCI3; 100 MHz) 6 171.2. 170.2. 169.4. 163.9. 
20 138.4. 138.2, 135.7. \292, 123.1. 119.5. 100.1. 72.8. 71.9. 71.3. 71.1. 68.4. 62.0. 
20.8. 20.64. and 20.56 ppm. Anal. Calcd. for CjnHuiNjOfivIHzO: C. 53.36: H, 
5.55; N, 1.60. Found: C 53.29; H, 5.29; N. 1.61. 

Step 2 

25 lt>n^pnA.1.^j;.fn /-^rhn^v»f Add TrUffT^.hi<;.(f«>trtl.O.SlllfatO-Q~D- 

p f^fr«<vln«vni fthvl^phgnvnatnirip\ totracnsasndiiim Salt 

A solution of 780 mg (0.300 mmol) of benzene- 1.3.5-tricarboxylic acid 
tris{[3>bis-(tetra-<>acetyl-P-D-glucopyranosyloxymethyl)phenyllamide} in MeOH 

30 (15 mL) containing 8.1 mL (8.1 mmol) of 1 N NaOH was stinwi at SQOC for 5 h. n>c 
reaction mixnire was cooled to room temperature and quenched with 1 N HCl (7.2 
mL. 7.2 mmol). The product, benzcne.l.3>tricarboxylic acid tris([3>bis-(P-I>- 
glucosyloxymethyl)phenyl]amide}. was coUected (338 mg. 81% yield) and used 
directly in the next reaction: partial »H-NMR (DMSOde; 400 MHz) 5 10.73 (s. 3 

35 H). 8.74 (s. 3 H). 7.78 (s, 6 H). 7.22 (s. 3 H). 4.88 (d, 6 H). 4.57 (d. 6 H). 4.29 (d. 6 
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H) 3 71 (d 6 H). and 3.48 (dd, 6 H); 13C-NMR (DMSO-d^; 100 MHz) 5 164.5. 
138.7. 138.4. 135.3. 129.8, 123.0. 119.1. 102.2. 77.0. 76.8. 73.5. 70.1. 70.0. and 61.1 



10 



15 



20 



pptD. 



25 



A solution of 317 mg (OJOO nmK.1) of b«<zcnc-l,3»ri=.rt)Oxylic acid 
rts([3>bis.(p-D-glucosyloxyme.hyl)pheny amid.) and sulfur cr.ox.de 
™„*ytamn. con,l« (3.59 g. 25.8 n»,.) in DMF (25 ni) was «^ « ~ 
3 days The r«cdon ndxnw was ,«nchcd a. room «mpcmure w,th H2O and 
conlaaKd in .«uo. 11.. «sidu. was puHfied by Scphadcx O-IO chromatognphy 
(HjO cludon) <o give a yeUow solid, which by NMR 
L^^ytamooiun, sulfate. Cadon exchange was effected ustng a colu™ of Dowex 
^^8 Lngly acidic resin (N. fom,) to provide 77, m| (c. 95% /■«'^) 
Ipound. ^ .740c as coloress soUd: -H-NMR 4(X> MHz 8 8.63 (O H). 
7.68Tbr s, 6 H), 7.44 <br s. 3 H). 5.02 (d, 6 H). 4.98 (d. 6 H). «•/ «^*^ 
H), 4.46 - 4.50 (m. 12 H). 4^4 (dd, 6 H). and 4.16 ppm (d^ 6 H ; "C-hWR (^O; 
MHZ, 5 167.7. .38.0, 137.1. 135.3. .29.9. .25.3. .22^0. 

72.6. 70.9, and 67.6 ppn,. Anal. CaW. <-'^"^^^^^'°f'f^f ^ f°'- 
C 16.45; H, 2.34, N, 0.83: S, 17,82. Found: a 16.51-. H, 2..7; N,0.84. S, .8.17. 

rvaMW.FM 

nmrrnr 1 T '-"^^--limiTlir iMirt Tri-"^ «-hi-ifi-P- 
rrllntiiimH"—^'"'""'"'"'"" 

TO a soludon of 802 m, (0.577 mmol) of 3. 5-bis-(hepta-0-acetyl.p.D- 
ceuobiosy.oxy,nethy.,pheny.andne in THF (25 n^, containing f^^'^^ 
of triethylandne was added 5U tng (0.193 nunoi) of 

chlotMe. Tl.= ««ion,rixt«wassdrredfor90min.,uenche^«2'^<^^^ 
wid, CHiQ:, and washed widt H2O. The organic phase was dned (MgSCJ.)^ 

r^ed^^aHgh. yellow soUd. -^^^rZ:,To, 

777 me (0.180 nmoO of dK coirpodnd « MeOH (25 mL) was tiea 

1^1) of I N NaOH. After sdning for « h « 50»C d,. ■«»<»J^^ ^ 

uenched a. rootn tcnper^ur. wid. 1 N HO (7.6 n^U ^^'^'^^^Z 
coUecled and purified by i^en. phase chronuuogiaph, (RP s.l«. 60) us. g 
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of MeOH / H2O (3 : 7) and then by Scphadex G-IO chroniatogiaphy (H2O elurion) to 
provide 262 mg (37% yield) of the title compound as a colorless solid, mp >171«>C 
(dec): 13C-NMR P20. 100 Hr) 5 165.3, 138.4, 137.2, 134.0, 130.0, 123.9, 119.9. 
102.6. 101.7. 78.7. 75.9. 75J. 74.6, 73.1. 72.8. 70:6, 69.4. 60.5. and 60.0 ppm. 

5 

Step 2 

«i.nTPf.P.1J<.S.»ri ^rhnYvHr Adrf Trt.;fr:^.g.hi5;.rhf nfa-O-SlllfatO-B-D- 

rplinhinsvlmtY"M'»hvnnh« ivnamidg) Tefratetracontasodium Salt 

10 A solution of 139 mg (0.0543 mmol) of benzene- 1.3,5-tricarboxylic acid 

tris{[3>bis.(p-D-lactosyloxyniethyl)phcnyl]amidel and sulfur trioxide 
trimethylamine complex (1.68 g. 12.07 mmol) in DMF (25 mL) was srirrcd at 70oC 
for 3 days. The reaction mixmre was quenched at room temperature widi H2O and 
concentrated in vacuo. The residue was purified by Sephadex G-10 chromatography 

15 (H2O elurion). Cation exchange was effected using a column of Dowex 50 x 8 
strongly acidic resin (Na form) to provide 317 mg (85% yield) of the tide compound 
as a tan solid, mp > I8O0C (dec): partial »H-NMR (D2O; 400 MHz) 5 8.64 (s, 3 H), 
7.67 (s. 6 H). 7.46 (s, 3 H), 5.02 (d, 6 H). 4.96 (d, 6 H). 4.64 (t. 6 H). and 3.88 - 4.01 
(m, 12 H); "C-NMR (D2O; 100 MHz) 8 167.7. 138.0. 137.0. 135.3. 129.9. 125.1. 

20 121.8. 99.8. 77.7. 77.5. 77.4. 77.0. 74.2. 73.5. 73.4. 72.9. 7 1 .0. 67.6. 66. 1 ppm; mass 
spectrum (electrospray) (m-zNa)/z 883.4 (m - 8 Na)8-- 738.2 (m - 9 Na)'-. 662.0 (m - 
10 Na)iO-. 599.5 (m - 11 Na)^-- Anal. Calcd. for Cio5H|iiN3Na420i95S42 • ^2 
H2O: C. 16.59; H. 2.58; N. 0.55; S. 17.71. Found: C. 16.47; H, 2.86; N, 0.45; S. 
14.72. 
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1 . A compound of formula I 



0R2 




°7„ 





or2 



I 



wherein 



,0 «!. of R'. R'. f>. «• W'P'™'"'"'- " 



OR^ 



and each oUgosaccharide group contains 1 to 3 sugar groups; 
15 M is Uthium, sodium, potassium, or ammonium; 

xtlIa?:gen,IowcraIi:yIhaving 1 to 6 carbon atoms, or lower al.6xy 

having 1 to 6 carbon amms; 
Y is carbonyl or sulfonyl; 
20 or a phaimaccuticaUy acceptable salt thereof. 
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2. A compound according to claim 1 of formula I: 




wherein 

each ofRlR2.R3, and are, independently, H,S03M,or 




10 

and each oligosaccharide group contains 1 or 2 sugar groups; 
M is lithium, sodium, potassium, or ammonium; 
n is 1 or 2; 

X is a halogen, lower alkyl having 1 to 6 carbon atoms, or lower alkoxy 
15 having 1 to 6 carbon atoms; 

Y is carbonyl; 
or a pharmaccudcally acceptable salt thereof. 
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3 A compound according to claim 2 which is bcnrenc-U^- 
tricarboxylic acid „is([2-mcthyl-5-(tcna-0-sulfa..Nlucop,Tanos^^^^^^ 
«ethyi)phcnyllamidc) dodccasodium salt or a phannaccuucaUy acceptable salt 

thereof. 

4 Aconipom«iaaordinstodam.2whichUbenzen«-l,3J- 
„ic,rt»xyUc«id=Ult2.n«U.yl-Wbepu.0.sulfa,o.p.«nobi^^^^^^^ 
n^lsLnyllanud.) h»cico«sodun, .al, or a pha^a^uocally acccp«b.c «1. 

thereof. 

5 A compound accoiding to claim 2 which is bcnzenc-U> 
^ca^xyUcacidtris(l2.chlo..5-(^^^^^^^^ 
methyDphenyllamidc) hcneicosasodium salt or a pharmaccuncally ac p 

thereof. . 

':^L,,^^ Hendcosa^odio. sa., or a p^Ucaiiy acc=p,ab.c saU 
thereof. 

-:apha™ac=o.ica,,yacc..b.c..^r. 

8 A compound according to claim 2 which is benzene-1 3 5- 
. J' r jJm.U3 5.bis.(tetra-0-sulfato-P-D-glucosyloxymethyl). 
:^::::cT:— -o.apban™cco.ca,.y^^ 

I mcaiboiyhcacidmsiPJOisw v^^uncaUv accepable salt 

,h«,yllanidc) ,c,n.«.co«»odi»» sal. o, a pbannacconcaUy acc p 

thereof. 
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10, A method of treating a human suffering from a condition which is 
characterized by excessive smooth muscle proliferaaon, the method comprising 
administering to the human an effective amount of the compound of the formula I 




wherein 

each of RK R\ R^. and arc, independently, H, SO3M, or 

10 




_ md each oUgosaccharide group contains 1 to 3 sugar groups; 

M is lithium, sodium, potassium, or ammonium; 

15 n is 1 or 2; 

X is a halogen, lower alkyl having 1 to 6 carbon atoms, or lower alkoxy 

having 1 to 6 carbon atoms; 

Y is caibonyl or sulfonyl; 
^ or a phannaceutically acceptable salt thereof. 

20 
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11. A pharmaceutical composition comprising an effective amount of a 
compound of fonnula I ^ 

V . or2 yn 



OR' /" 




R'onn°''= 

0R2 



wherein 



eachofR^R^.R3.andR4 arc. independently. H.S03M.or 



10 

and each oligosaccharide group contains 1 to 3 sugar groups; 
M is lithium, sodium, potassium, or ammonium; 

X h .".lU. ' " ' " 

15 having 1 to 6 carbon atoms; 

Y is carbonyl or sulfonyl; 
or a pharmaceutically acceptable salt thereof. 
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12. The use, to treat a human suffering from a condition which is 
characterized by excessive smooth muscle proUferarion, of an effective amount of the 
compound of formula I 




I 

wherein 

each of Rl. R^. R\ and R-* arc. indcpcndcnily. H. SOiM. or 




and each oligosaccharide group contains 1 to 3 sugar groups; 
M is lithium, sodium, potassium, or ammonium; 
nisi or 2; 

X is a halogen, lower alkyl having 1 to 6 carbon atoms, or lower alkoxy 

having 1 to 6 carbon atoms; 
Y iscarbonyl or sulfohyl; 
or a phannaceutically acceptable salt thaeof. 



15 



20 
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13 The use. in the manufacture of a medicament to treat a human 
suffering from a condition which is characterized by excessive smooth muscle 
proliferation, of an effective amount of the compound of formula I 



HN- 

I 

Y 






OR' 



V or2 yn 



wherein 



10 each of R>. R2 R3. and arc. independently. H. SO3M. or 

or2 



15 



20 



and each oUgosaccharide group contains 1 to 3 sugar groups; 
M is Uthium. sodium, poassium, or ammonium; 

xVa hdogen, lower alkyl having 1 to 6 carbon atoms, or lower alkoxy 

having 1 to6carbon atoms; 

Y is caibonyl or solfonyl; 

or a phannaceutically acceptable salt thereof. 
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